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THRER WOR:AL AND THRDZ REELBXED AIRFOILS 1IN
THE VARIABLE DENSITf WiND TUNIEL

By George L. Defos

Sunmmary

An investigation was made of the aerodynamic effects
of reflexing the trailing edge of thres commonly used air-
foils. BSix airfoils were used in the investigation:
three having the normal profiles of the Favy 60, tle 3oe-
ing 106, and the GOttingen 398, and throoc having theso pro-
files modixled to obtain a reflexed trailing edge with the
mean camber line changsd to give cmc/A = Q,

The tesats were conducted a2t a value of tkhe Reynolds
Hunmber of approximately 3,100,000 in the variable density
wind tunnel of the National Advisory Committee for Aeronau-
tics., tlieasurements of 1ift, drag, and pitching moment were
made on each of the six girfoils., The oxpected roduction
of the center of pressure travel wes obtained. The maxinmum
1ift was reduced approximately 12 per cent and the minimum
profile drag approximately 4 per cent.

Introductio n

. In the past few years several alrplancs of the obser-
vation and bombing types intended for high-speed diving
have been doveloped and tested in flight. If a normal
form of airfoil seoction is used, the acrodynamic TForccs on
the wing during a dive cause large pitching moments pro-
ducing high strosses in tho airplanc structurse.

The Wavy Department therefore regquested the National
Advisory Committee for Aeronautics to conduct an investi-
gation on three commonly used airfoil sections in their
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normal formng and then with the forms modified toward the
tralling edge to produce airfoils having small piltching
moments.

Previous work by the British Advisory Commlttee for
Aeronautics in an atmospheric wind tunnel (referoncos 1
and 2) betweonr 1912 and 1914 has shown that, if tho cor-
regct amount of reverse curvature be placed ncar tho trail-
ing odgo of an airfoil, the centor of prossure may boc con~
sidorod stationary within practical limits., The roducod
contor of proessure travel was obtained by sacrificing about
18 per cent of the maximum 1ift.

Twenty—-seven airfoils having a small center of pres-
sure travel were tested during 1924 by the HWeational Adviso-
ry Committee for Aeronautics (reference 3) ir the variable
density wind tunnel. The most favorable sections were
found to be thogse of the M5 typo. A small center of pros-
sure travel was found to be generally accompaniocd by g ro-
duced naximum 1ift coefflciont

The prosent 1nvostigation iz intonded to show, by di-
rect comparison, the effects of reflexing the trailing
edge of a normal airfoil section on the aserodynamic char-
acteristics: 1ift, drag, and pitching moment. These char-
acteristics have also been compared with the unpubdlished
results of a recent test of the 16 airfoil., All tests were
nade at a large value of the Reynolds Number in the varia-
ble density wind tunnel of the Wational Advisory Committce
for Aeronautics, Langley Field, Va.

Appafatus and Methods

Tho normel alrfoils used in this investlgatlon wore
the Javy 60, the Boeing 1056, and the Gottlngen 398 horo-
insftor abbroviated the 60, tho B106, and the Gott 398,
To obthin tho roflexed airfoils, designated K¥60R, BlOS6R,
and GOtt., 398R, the mormal airfoils were modified by sub-
stituting a new mean camber line from the 30 per cent
point to the trailing edge. The following form of the
equation of the mean camber line was chosen because, ac-
cording to thin airfoil theory, this equatiorn gives an air-
foil having = pltchlng rmoment of zero about the quarter-
chord point:

¥y =hx (1 - x) (1 - % i), where c¢ = 1, (reference 4).
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The x-axis was taken parallel to the chord line of the
original secction and the origin was talien at the leading
edgo of the original airfoil., The velue of the factor h
was so dotermined that the ordinate of the new moan cam- -
ber line at the 30 por cent point was ogual to the ordi-
nate of the o0ld mean camber line at the samo point. The
noge ordinatos of tho profile from x =0 %o x = 0.3
remained unalterod, and both upper and lower surface ordi-
notos were shifted by the amount of tho difference bvoiwesn
the old and new mean camber lines. The profiles of both
_normal and reflexed airfoils are shown in Figure 1, and
the ordinates of each airfoil are given in Table I, An
airfoil of duralumin was made from sach group of ordinates
in tais table.

The standard method of airfoil test was used; measure-
ments were taken of the 1if%, drag, and pitching moment at
a large value of the Reynolds Number, epproximately
3,100,000. The accuracy of these results is of the same
order as those discussed i# reference 5.

.

Re sults

The results of these tests are given in Tables II
to VII and are plotted in Figures 2 to 7. The coefficients
of the corresponding normal and ;e:lexed airfoils, (tho
¥60 and ¥60R, the B106 and 3106R, the Gott 398 and Gott
398R), plotted azainst angle of attack, are shown in Fig-
" ures 2 to 4, The profile drag and tho moment coefficionts
plotted against 1if%t coefficicnt are shown in Figurcs 5 to
7

Discussion

The pitching moment coefficients for tho reflexed air-
foil aro practically .zerc in the range of anglo of attack
from that of Zero 1ift to +b° for the M60R, from that of
zero 1ift to +4° for the GOtt. 398R, and from that of zero
1ift to +12° for the BLO6R.

The 1ift curves for the corresponding normal and re-
fiexed airfoils have the same slope. The angle of zero
1ift for the reflexed airfoil occurs at a higher angle of
attack, The maximum 1ift is approximately 12 per cen?t
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lower than that of

tained at approximately the same angle of attack,
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the normal airfoil although it is ob-

The

useful range of the angle of attack thus differs by the

semount of the change of angle of zero 1lift for the two

alrfoils,

The minimum profile drag of the roflexed alrfoils
(figs. 2, 3, and 4) is 4 per cent lower than that of tho
normal airfoil and occurns at a slightly higher angle of at-

'ba.cl!;.
parsd at

However,
equal values of

5,

if the profile drag coefficients are com-
the 1ift coefficient (fig

6,

and .?), the normal airfoil will be seen to have the lower
. profilé drag except at small values of the lift cosffilcient.

A comparison of the characteristice of these airfoils
with those of the N,A.C.A, M6 is given in the following

tab'l S

Table ‘of Characteristics
Airfoils ¢dtt, | Br1o6 | ¥s0 |Gott. |BLOGR | N6OR | M8

398 398R

1 max 1.572 [1,535 [1.616 |1.369 |1.386 |1.407 |1.405
oD, 4o 0,0106| ,0098{ .0099| .0099| .0093| .0092| .0092
Cn &t 0f=0(-0,082 |-.052 |[-.080 |-4007 [-,001 |-.001 | ,002
o , | _
5L~g§5w 148.5 |161.6 [163.3 |138.2 |149:1 |153.0 |152.8
'Do min : : .
Thickness
per cent 13,85 [13,06 |12¢45 |13.85 |13,06 |12.45 [12.,01
of choxrd

The characteristics of the M6 given in the foregoing table
wore obtalned from a test of this airfoil under practically
the seme conditions as the tests of the normal and reflexed
The regults of this M6 test are nunpudlished at

alirfolls,

the present

time,

but-will be publighed in the nsar future

togather with the results of several othor well~known alr-

foils.

A reference to the table of charsactoeristics to compare
the NW60R and M6 shows that these two airfoils have practi-

cally the

S ame characteristlcs even though the N6OR is one-
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half por cent thicker than the HE, A comparison of the
charactoristlics of the 3106R and of the Gott, 398R with
the N6OR and the 16, shows the qinimum profile drag coof=~
ficionts of the BLOB6R and. the Gott, 398R to be largor then
those of the H60R and the K6, pos51bly due to the greater
thickness, The mgximum llfts for the BL0BR and Gott 398R
are lower than those of the W60R and M6, .The smaller max-
imum 1lift and the higher minimum profile drag account for
the factor of general efficisncy  COL _max boing lower for

- D
the B1O6R and the G8tt. 398R. ° min
Conclwusgdions

The genersl concluslions of early tests of reflexed
trailing edgo airfoils in atmospheric tunnels are substan-
tiated by theso tosts at a large value of tho Roynolds
Fumber - approximately 3,100,000, Tne roduction of the
pitching moment and the accompanying small center of pros-
sure travel wore in sgrecemont with theorsetical prediction,
The maximum 1ift was reducod opproximately 12 per cent and
the minimum profile drag only 4 to 5 per cent,

Langley Memorial Aeronautical Laboratory,
Wational Advisory Committese for Asronautics,
Langley Field, Va., August 14, 1931
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TABLE I

Ordinates of 60 and H60R

Station | __ ¥30 N60R
per cent per cent of chord per cent of chord
of chord Upper Lower Upper Lower
0 3440 3440 3440 3440
1.25 5,60 1,91 5,60 1,91
2450 B.76 1,46 Be76 1l.46
5,00 8,24 «96 B8R4 » 96
750 9,33 + 02 9433 .62
10,00 10,14 40 10,14 40
15,00 i 11,32 «15 11,32 «15
20,00 11,98 04 11,98 04
30,00 12441 «04 12.41 04
40,00 12,03 22 11,95 e14
50,00 11,086 »48 10,79 ! 21
60,00 9,55 « 71 9,13 : 34
70,00 7«66 «78 7el2 g2
80,00 5.50 «64 5.75 289
90,00 3,04 37 4,28 1.61
95,00 le72 «198 3406 Sel3
100,00 40 «00 3420 2.80

L.E, Radius = 1l.27 per cent
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TABLE I (Continued)

Ordinates of BLOS6 and BLO6R

Station 3106 B1OER
per ceant per cent of chord per cent of chord
of chord Upper Laver Upper Lower
0 2.98 2,98 2498 2,98
1:25 5,26 1.54 5.26 1.54
250 6,14 1,04 6,14 1.04
5,00 754 o 42 7,54 o 42
7 « 5O B.56 .04 8,56 .04
10,00 9,44 —e28 9444 ~ 428
15,00 10.62 ~e64 10,62 ~e64
20,00 11l.34 -+90 11.34 -490
30,00 11,88 ~1,18 11,88 ~1,18
40.00 11;54: "'1..28 11.62 "'1020
50,00 10,54 - =1430 10,70 ~le1l4
60,00 9,08 =14,22 9435 ~¢9B
70,00C 7418 -.98 7466 - 50
80,00 4,96 - 72 5,90 o 22
90,0C 2.54 - &2 4,23 l.27
95,00 1,29 ~e23 3,48 L.96
100,00 ¢ 04 ~e04 2+84 2.76
L.E, Radius - 0,70 per cent
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TABLE I (Continued)

Ordinates of G8tt, 398 and GOtt. 398R

Station Gdtt, 398 G6tt. 398R
per cent per cent of chord per cent of chord
of chord Toper Lower Upper Lower
0,00 3,74 3,74 B.74 3,74
1,25 6,20 1.89 6.20 1,89
2+50 7¢40 1l.28 7 .40 1.28
5,00 .17 «69 9.17 « 69
780 10,87 «e05 10,37 00D
10,00 11,25 +18 11.25 «18
15,60 12.53 « 03 12,53 « 03
20,00 13,34 <00 13,34 «Q0
30,00 13480 .05 13,80 .05
40,00 13,34 o 17 13,30 « 13
50,00 12.27 o7 12,08 +Q8
62,00 10.63 «33 10.39 +09
70,00 8453 «35 8,42 R4
80,00 6,12 «27 6.50 «6b
90,00 3 ¢ 40 el3 L,77 1,50
95,00 1,92 .06 4,02 2,16
100,00 « 40 « 00 340 3400
L.E., Radius - 2,00 per cent
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TARLE II
Goefficlients of Airfoil Gott. Z98
1
| i i °+ps DO
rn cen [o]
a CL i Do i Cm chord from
| B L.E,
] kI
-8,1 -0,156 | 0,011? | =0,086 -
~640 ~ 4007 | ,0112 b~ ,083 -
~3,9 152 ' ,0106 | - ,078 768
.2 . 449 L0111 | =~ .079 42,6
4-3 0745 a0126 1 hand 0078 55.5
8.4 1,032 20159 | ~ 077 32,5
12.5 1.303 .0227 | - 078 31,0
1646 1.514 .0393 - o078 30,3
18,6 1,572 .0638 - ,090 30,8
2046 1,495 .1335 - L1111 32,5
24.5 1,392 - - 137 34,7
30.4 1.139 - - 160 38,8
MABLE III
Coefficients of Airfoil Gott. 398R
CeP s POT
cent of
@ Cr cDo Cu chord from
T.XE,
-4 1 ~0,144 0,0106 -0,008 -
~2,1 .006 .C093 - 007 141.6
.1 .16% .0099 - 003 26,8
4,2 LAT72 ,0109 - ,004 25,8
8.3 774 L0130 - ,008 26,0
12.4 1.059 L0175 - ,0l4 26,3
15,5 14311 .0235 - 4024 26,8
18.5 1.369 00551 - 5036 v 27.6
20.5 1.350 .1060 -~ o057 29,3
22.5 1,316 - - 072 20.5
84:.5 10274 ad - 0088 31.8
30.4 | 1,037 - - o123 3640
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TABLE IV
Coefficients of Airfoil BLlOS
CsPe por
cent of
« ‘L, CDo Cm chord from
L.E,
—-7e0 -0,231 0,0108 -0,060 -
545 - o084 «0102 - o052 -
-345 « 084 »0098 - 050 103,77
-] 4 0220 « 0097 - o051 48,2
O¢b e 370 » 0098 - o045 37«2
2e7 « D17 « 0106 - o048 33,9
5,8 + 813 « 0127 - o047 30,8
15,0 1,352 « 0256 - o0Db1 28,8
19,1 1.535 +0B33 - o064 29,3
21,1 1,494 -~ -~ o083 30,8
23,1 1,453 - - <4106 B2.3
2849 1,146 - - 155 37 46
TABLE V
Coefficients of Airfoll BLlLQER
CePs POT
cent of
& Cr Cp, Om chord from
L.B,
4ol ~-0.,226 0.0089 -0,002 -
-1lel - o008 . 0094 -0,001 -
0 .082 « 0093 0 2540
4,1 «386 0100 « 000 26,0
83 +682 0119 «000 25,0
12.4 + 980 .0158 - o002 25.2
L1645 1,247 «0242 - o008 2546
184,56 1,355 « U335 - ,020 . 2645
20,5 1,383 0704 - o031 2742
22.5 11320 hand - 1057 29.4
24.5 1.2886 - - 071 30.6
30.4 1,007 - - 4122 3641
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TABLE VI
Coefficlents of Airfoll XN6O
CePe PSET
cent of
o Cr Cp, Cm chord from
L.E.
~8,.1 -0,196 00,0117 -0,.,082 -
545 - - o006 .0106 - ,078 -
-4,0 o114 » 0103 - o079 94,8
-1le9 267 0101 - o080 55,2
+0.2 «425 «0089 ~ 079 43,6
242 « D78 . 0105 - <079 38,7
4,3 « 731 . 0112 - o077 3545
Bed 1,025 «0138 - 4079 3267
12.5 1,301 . 0200 - 084 31,9
16,6 1.542 0313 - 4085 30,6
18,6 1.616 « 0493 - 40986 31,0
20,6 1,657 - - o108 3240
24,5 1,398 - - J152 35,7
TABLE VII
Coefficlents of Alrfoil N6OR
CePe pOT
cent of
o cL CDO Cm chord from
L.E,
-240 -0,048 0.0094 -0,001 -
~led . 002 «0082 - o001 80.0
0 «112 . 0083 « 000 25.0
2el «265 <0092 - <001 25,4
4.8 .419 .0099 - .001 25.2
8.3 .728 0116 - ,002 2543
12.4 10028 .0143 - .OO7 25.7
16,5 14,305 «0244 - 4018 26.4
18,5 1,407 +0386 - o027 27.0
20,5 1,367 +09984 - o054 29,1
24 .5 1.2586 - ~ o091 32.1
3064 +992 - - o133 372
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Fig. 1 Profiles of normal and rsflexed airfoils.



N.A.C.A. Technical Hote No.388 ¥igs.2,3

e 1. 4
¢ TN
Nd ,.// &
.07 . -
LA drdribxba \.nm\.ﬂn..u..-.?.r: ;.././ OH.WO
o A X F I Y
06 1.2 \\ - | /”/; o '8
o ﬂ II m
.05 1.0 ; _ 20
T e s e O L
= s 5t il o 547 7 N s}
04 .8 Lt 7 L SR Y
o, o A A
.03 .6 \ y i L 60 2
/
T 7 Brpeilel Tod %
.02 A v v 8 g0 ©
/ / LA 1 -
t l..\”-_.t‘. (]
01 .2 = e mn 100 ©
\ b ) ] M
' i 2]
O. O 5 - e _— _
Jﬂ.&. ﬁOn.\, &= Tty
1] . N « N N , [ ~
-1 - Sl R o 2 S W
3 OE_ v ; 7 IT e
-8 -4 o 4 g 12 16 =20 24 =28 32
: Angle of atfack,degrees,d
. Fig.2 Coefficients of Gottingen 398 and GYttingen 798R =irfoils.
.08 1.6 ;”\? .
07 1.4 Formal 7400 Ml et 5
-|- 4 - <4 Rgflexzpd i 2R
S L I - b, 5]
. _ ~H_ n\ ] L2 / Qtwo
(= { N
06 1.2 - Yo h < 0 ,mo
AREET; :
.05 1.0 | h420 9
P A B = g e LI g
L 4 1 D ~
.04 .mlm MR BERE. 854 “ \.. TRl lso &
Cp O e T 3 9
e | 1 ’ i /N =3
] ,N ; ) _ \&_ ~q.\U..u+ [5]
02 .4 \ : \q\ £ n\\ - 80 B
) / L ]
_ ST B
.hu”_- QN s L %I“ﬁi ni.\\-. G e 1 ] |n#|| 100 I
VAR L
,n\ _ A [ | ww.
O O A .Y_\ \Sl_ .ITD_Illl.n A
K A A .y ¥.Y @ T A m .P::D
] ,\ - A ~
-1 T K\ S .IP.I.P.?:I |
< OE. ? . ~_] 7o

-8 i o} 4 B 12 18 20 24 28 32
Angle of attack,degrees,d

’ Fig.3 Coefficlients of B106 and BlOGR airfoile.



N.A.C.A. Technical Hote ¥0.288 Figs.4,5
CDO Cp, |
.08 1.6
N S —_— = et B 28 O
/] 2
: &
.07 1.4 AR 2
8 Sy G.P. ;;,0
A 1z A d
I e &
.05 1.0 - 20
v - RS S N oo ofta = r— e f“ N E .
1 4/4_—4—-—'(’ L 2 ey f +~\:-;‘_‘ 1 o Flgoé:
.04 .8 g e A - oL dHe a0 & Coefficients
L 4 //f 0P o of W60 and
o ; AR g 5 Ne®
.OO .6 S 60 & . -
ViR A N7 ¢ airfoils.
! 7 (. g &
02 .4 [l Y A . o %
0 ; /1] ,7{ l/x,«iq_-gnﬁ,lbrcfile drlag © o
- : 7 . #ﬁ f‘\/-—"‘”r ¥ g
O R B o Ty o 100 ©
1 4]5, %
o 0 AT W - ! Ay
A1 F ] pei B I
1 _‘L - e E v, A _a\.A .\L‘-.'
Ol [ 1 ] B T
-8 -4 0 4 8 12 16 =20 2 28 52 ]
Angle of attack,degrees,d ————Tformal
----~--Reflexed
x
.06
<
ks
N
.05 TonT ]
A : :C{
i e
.04 1 ]
/] )
| f .
o 1 Pig.b
& 08 }, X // Profilo
?;‘g | A s drag and
£ ,//’/ moments of
< .02 T Gott.398
3 ¥ s x ] and
;g Ol i wl Gott.398R
& ‘ i * airfoils.
0 4 ~
SIS i bk e o T il i) ST S a1
>
-1 _o_,...--o———-—--,——(‘r ~O O Q " \—"J‘.' -
¢ ' e ._/Cm—\
Om | g
s L
-2 0 2 4 6 a5 .8 1.0 1.2 1.4 1.6



N.A,.C,A, Technical Note No,388 Figs.6,7
P |
.06 t
orma. l <
05
efllezed |—— 1 T l
& |
1
A
&'5 .04 y
_{_L
R / /
.03 7 i
g A/
o Af //
E 02 - 4 2€]
Ry +/'k/ Cp
_-*—&‘“4/::, .
001 R ——5.1‘35#—' = =
|
Pl
0 s‘r——c x b Enaiie ianials Rt I NENSANY Y
C . . 4 Cm
m_ (> =
1 /?
-l — = P
L. R AP.__.L //
O .2 .4.' .6 .8 1.0 02 104 1l6
Cy,
Fig.6 Profile drag and moments of BLO6 and B1O6R airfoils,
.05 l
.04
No Y
(o)
& 03 Refilexed |— t+ —+ —| —] / j/
- ® I / V
QP x|/
o 02 /]
g LT,
ol N
qg K- o] .iz——//—y
p"j 01 = F—‘:éf'—“f-f—: % X -1
e ° - o- T - — — -
© [ °: b1 C:m
d I
CIE 1 b — it 4 At & ~ - ’d.':‘ & /;';a
L — [ ]
O .2 .4 .6 .8 1‘0 1.2 1.4 1.6
Cr, -

Pig.7 Profile drag and moments of N60 and N60R airfeoils,



